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D. SOfKtS 


STATUS OF CANDIDATE RATERIALS FOR FULL-SCALE 
TESTS IN THE 737 FUSELAGE 
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OBJECTIVES 


0 INCREASED PASSENGER EVAOiATlON TlilE TO A millMUil OF 5 fvifiUTES FROi', CC.'iEERCiAL 
AIRCRAFT IN CASE OF A FIRE 

0 PREVENT AN EXTERNAL FIRE FROM ENTERING CLOSED CABINS FOR 5 fUKOTES BY USING 
FIRE BARRIER FiATERlALS IN THE EXTERIOR HALL 


0 DEMONSTRATE THAT A CLOSlD CABIN WILL NOT REACH 400“F NCR CONTAIN SMOKE CR TOXIC 
GASES UP TO 400 “F 


ss 


PROVE THAT A FIRE HEAR A CABIN OPENING WILL NOT PROPAGATE THROUGH THE CABIN 
FOR A MINIMUM OF 5 MINUTES 



I«ATER(AL$ STATUS 



0 SEAT CUSHIONS 

0 FIRE BARRIER CONFIGURATION USING PRESENT FOAI1 CAMES-DAC) 

0 PRESENT POLYIHIDE FOAH rIEETS MAJORITY OF SEAT REQUIREMENTS (JSC-SOLAR) ' 

0 INITIAL EVALU«TION OF POLYIMIDE FOAH BY FAIRCHILD-BURNS INDICATED THE 
FOAM IS FUNCTIONAL IN SEATS 

0 POLYIMIDE FOAM SAMPLES PROVIDED WF;BER AIRCRAFT CO. FOR ADDITIO.NAL EVALUATION 




UPHOLSTERY AND ASSOCIATED SEAT MATER;J\LS 

0 WOOL OR 1,'OOL-LEAVIL BLENDS U?HQLS"ERY FABRICS CURRENTLY USED ARE SATISFACTORY 
0 DISPOSABLE HEAD REST TOWELS ARE F: RE- RETARDANT AND AVAILABLE 
0 FIRE-RETARDANT COTTON TICKING FOR CUSHIONS MEETS AIRCRAFT RE0UIREI€NTS AND 
IS AVAILABLE 

0 FIRE-RETARDANT LEATHER ARM REST AND TRIM MEETS JSC PUMMABILITY REQUIREICHTS 
WALL AND CEILING PANELS 

0 PHENOLIC/FIBERGLASS LAMINATES AVAIUELE FROM AMES RESEARCH -AND LOCKHEED 
DEvELOPI'ENT PROGR/ViS 

0 EVALUATION OF INITIAL PRODUCTION RUNS OF .FLUOREL GUSS WILL RESULT IN AN 
ADDITIONAL PANEL . > ' 




RIG5NAL 
OF POOR 
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B 


0 
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0 
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■WERIALS S’-ATUS (CONTINUED) 


FLOOR PANELS 




0 FOlYIHIDE FOAK FILl±i..HOi€YCOnD COF£ WiTH PHEtlOLIC/GLASS FACE SHEETS 
MEETS ALL BOEING FLOOR SPEC I FI CAT ONS 

fv JtOM t f r'WOMCp 1C MT^niTCC 

U kl Mm. 4W«t kit* »tkWtWiw<i4^ «-'4 ,w «Mrs.^k'kilU*lV X«? < 

o IMPROVED FIRE RETARDANT ADHESIVE NEEDED 
CARPET AND CARPET UNDERLAY 
0 NO DEVELOPHENT PROGRAHS ANTICIPATED 

0 CURRENT ST.ATE-OF-THE-ART WOOL AND NCOL BLENDS MATERIALS ADEQUATE 
0 POLYIMIDE FOAM APPEARS ADEQUATE FOR UNDERLAY 


WINDOWS 

0 AMES DEVELOPED WINDOWS CHAR. ELIMINATE .RADIANT HEAT AND RESIST BURNTHROUGH 
FOR 4-5 MINUTES 

CARGO BAY LINERS 


0 POLYIMIDE/GLASS AND PHENOLIC/GLASS ‘JT" NATES CURRENTLY A NON-FUNDED 
DEVELOPMENT EFFORT BY NORDAM AND CIBA-6EI6Y 
0 SOLAR CAPABLE OF DEVELOPING TECHNOLOGY FOR 50K 


INSULATION BAGGING 


0 CERAMIC FIBER SCRIM CO.MBINED WITH PRESENT ALUMINIZED TEDLAR BAGS TO RETAIN 
THERMAL- ACOUST I CAL I NS ULAT I ON 

0 COL.'IGURATIONS TO BE TESTED IN SE.MI-FULL SCALE TES'l'ING IN FUSELAGE CROSS- SECT IONS 



MATERIALS STATUS 


THERMAL ACOUSTICAL INSULATION 

0 LITAFLEX ASBESTOS FOAM MEETS WEIGHT, TEMPERATURE DIFFERENTIAL, AND FIRE 
BARRIER PROPERTIES BUT LOW IN ACOUSTICAL ATTENUATION 


0 POLYIHIDE' FOAM MEETS WEIGHT REQUIREMENTS ONLY 

0 PREVIOUS POLYIHIDE SAMPLES, TOO LOW IN DENSITY, FAILED, TO MEET ACOUSTIC 
AND FIRE BARRIER REOUIREiCKTS 


RECENT SAMPLES OF HIGHER DENSITY SHOW IMPROVEMENT IN FIRE BARRIER PROPERTIES 
CERAiilC AND CERAMIC-ASBESTOS FOAM uliDER KViLOPSENT, W 'iftYBESTOS-aASHATrA*! ^ 


0 




IN3UUTI{^ 
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TYPICAL STA:IDARD BODY FUSELAGE CROSS SECT I 
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TEMPERATURES DURING TEST OF NARROW DCDY FUSELA.GE CROSS SECTION 
(WITH DECO .OAO/DECORATIVE FIlK INNER SKIN) 


^ TEMP, 



.'S 

ClCCWTIV! 

FILM 
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TEKPERATURES DURING TEST OF KAKROi BODY FUSEUGE CROSS SECTIWi 
(WITH .005 GRAFOIL/.CR) 1.5 LB F^ FIBERGLASS/. 005 GRAFOIL/DEB ,0;0 DECORATIVE FIL" IfiriER SKIN) 
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TEMPERATURES DURING TEST OF NARROM BODY FUSEUGE CR(BS SECTIOfl 
(WITH .015 6RAF0IL/(A) 1.5 LEFT? FIBERClASS/. 040 DECO DECORATIVE FilJi IlliJER SKiii) 




TE^]PERATURES Dl'RIM’3 TEST OF i^Af.RCl! BODY FUSELAGE CROSS SECTIO:i 
(WITH (1) 1,5" THICK K-25 LITOFLEX FOAflXOAO DECORATIVE FILH a ALUl^.IHUM INNER SKIN) 



TIME, 
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SUITORY 


0 SEAT CUSHIONS 

0 FINAL CONFIGURATION CONTINGENT ON TEST RESULTS FROM SwRI AND DAC 
0 POLYIHIDE FOAR A PRORISINS CANDIDATE 

0 UPHOLSTERY AND ASSOCIATED SEAT MATERIALS 

0 TEXTILE DEVELOPMENT FOR UPHOLSTERY AND ASSOCIATED SEAT MATERIALS PROHIBITIVE 
IN COST AND TIME 

0 THE BEST STATE-OF-THE-ART MATERIALS AVAILABLE AT THE SCHEDULED TIME WILL 
BE PROCURED 

“ 0 WAIJ. AND CEILING PANELS 

0 LOCKHEED DEVELOPED PANELS OFFER HEIGHT SAVINGS OVER ALUMINUM 
0 FORTY LOCKHEED PHENOLIC/GWSS PANELS BEING SUPPLIED UNDER PRESENT CONTRACT 
0 FLUOREL/GIASS PANELS HAVE SUPERIOR ACOUSTICAL AND FIRE BARRIER PROPERTIES 

0 FLOOR PANELS 

0 MOST PROMISING IS RIGID POLYIMIDE FOAM FILLED HONEYCOMB CORE WITH 
PHENOLIC/GLASS FACE SHEETS 

0 CARPET AND CA.RPET UNDERLAY 

0 COMMERCIALLY AVAILABLE WOOL AND WOOL BLENDS ARE ADEQUATE 

0 CARPETS AND UNDERLAY NOT SIGNIFICANTLY INVOLVED IN AIRCRAFT FIRES DURING EVACUATION 
0 POLYIHIDE FOAM UNDERLAY PROVIDES EOOD FIRE BARRIER 



SUWIARY ' .riTINUED) 


0 MINOOMS 

0 AHES-IHDUSTRY DEVELOPMENT ONLY IMPROVEMENT AVAILABLE 
0 CARGO BAY LINERS 

0 POLYIMIDE/GLASS AND PHENOLIC/GLASS DEVELOPMENTS APPEAR PROMISING 

0 ADVANCED LINERS NOT ESSENTIAL FOR FULL-SCALE TESTS IF FUSELAGE FIRE BARRIER 
PROVES ADEQUATE! NEW FLOOR PANEL PROVIDES EXCELLENT BARRIER TO FIRES BENEATH 
THE CABIN 

S 0 INSUUTION BAGGING 

0 CERAMIC FIBER SHOWS PROMISE TO HOLD THERMAL-ACOUSTICAL INSULATION IN PLACE 
WHEN TEDLAR BURNS OFF 

0 THERMAL-ACOUSTICAL INSUUTION 

0 POLYIMIDE FOAM PROMISING CANDIDATE IF ACOUSTICAL AND FIRE BAIWIER PROPERTIES 
CAN BE UPGRADED 

0 CERAMIC FOAM MAY BE MNDIDATE IF DEVELOPMENT CAN KEEP PACE WITH FULL-SULE 
TEST SCHEDULE 

0 LITAFLEX AND CERAMIC-ASBESTOS MAY BE INCLUDED IF OSHA REQUIREMENTS CAN BE MET 

0 GRAPHOIL PROVIDES ADDITIONAL FIRE BARRIER PROTECTION FOR THERMAL-ACOUSTICAL 
INSULATION BUT IS EXPENSIVE 



D. soefitis 


« 


DEVELOPIOT OF PROCESSES AND TECKNItiUES FOR BOLDINS 


FIRE RESISTANT POLYi'ERIC FiATERIALS 


CONTRACT NAS 9-15405 
LOCKHEED-CALIFORNIA CCMPANY 
BURBANK, CALIFORNIA 
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OBJECTIVES 


SELECT FIRE-RETARDANT MATERIALS FOR MOLDING AIRCRAFT PARTS 
EVALUATE MATERIALS FOR FLAFW,B!LI'i7 AND TUERf^AL STABILITY . 


DEVELOP PROCESSES AND TECHNIQUES FOR FORMING THESE MATERIALS BY 
COMPRESSION, INJECTION AND THERMOFORH MOLDING 



COMPRESSION MOLDING DATA 




Property 

Lac. 22-1339 
Phenolic 
5Uss 

CIBA/GEIGY 
FIBER DUX 917 
Phenol Ic/GI ass 

NARMCO 8250 
Phenolic 
-GJass , _ 

Solar Inti 
Polylmide 
- Mats _ 

3M 

. .FluoreJ 

Reflulrimsnt 

Density^ GH/CC 

1.90 

l.vO 

1.90 

1.50 

Ssrl.75 

1.30 (Max) 

Heat Deflection f 
•C » 264/PSl 

200 

175 

175 

204 

fisf 180 

121 (Min) 

nainMolllty Test 
FAR 25.853 
60 Sec. Vertical 







Flame Time, sec. 

Bum length. In. 
Bumtlmt'C ipp1ngs,.iCC. 

3 

1.32 

0 

0 

2.44 

0 

3 

1.52 

0 

0 

1.20 

0 

0 

1.08 

0 

15 (Max) 

6 (Max) 
3 (Max) 

Smoke Obscuration 
Os (6M1n) Flaming 

B.O 

8.8 

8 

"''3^ ^ 

10 

75 (Max) 

Limiting Oxygen Index 

40 

30 

40 

60 

60 

35 (Nin) 

Thermogravlmetrl c 
Analysis 

390 

390 

390 

'690' 

476 

205 (Min) 

Material Cost*$/LB 

2.25 

6.75 

5.60 

11.25 

8.00 

2C.'i Increase over 
present In orod. 
quantities (Max) 

Handling Properties 

Adequate 

Adequate 

Adequate 

Currently ■ Adequate 

limited to 
simple parts 

» 65 present 

materials 

Availability 

Production 

Quantities 

Production 

Quantities 

Production 

Quantities 

Lifflitea , 
Production 

Limiteo 

Production 

Production 

Quantities 



fivn6 wxM ifo 
30 Vd me 




LUi’.r'r^CCJi iUu i.ULJiir'o 

9 rriEl'iCLiC i*CLl»Iii'oS r.L-l rLn. l 1 ^ h .\0 M-c;uIl\£iiCi;iw 

« TEDLAR DECORATIVE FiLM I'lCREASES Sf.CKE AUD EURtJ LEKGTK 
( SCLA.R FOLVU'ilDE KCLDA'S'-E BCT F.ECOIRES rROCESi'iio lASTvJCTICR TO 

converters 


* SELECTIO!! of FUJC;'EL/3'_‘.3S FAiRlC OR FLUOREL/CLASS FAT CCi'iT IMGS'JT Of 
EVALUATION OF RRODUCTiC:! FbNC 



INJECTION MOLDING DATA 


( 


W' 


ProDtrty 

Polycarbonate 
Lexan 940 

Arow. Polyest. 
E200-3Z 

PolyphftnylsuVfone 

MdfOOlOlt 

Polyether* 
sulfone 
^ KW-1 

!l-'\ 

- Riflul remeo ti _ 

Density* Om/CC 

1.21 

1.19 

1.29 

1.37 

, 1.3C (Nek) 

Hsat Oefitctlon 
*C » 2fA psi 

132 

170 

204 

190 

Si 

121 {Kth} 

Flsimablllty Ttst 
FAR 25.853 
80 Stc. Vtrtical 
Fl«Mt1iw* Sac 

5 

2 

1 

1 

' 11 0HK> 

Burn Ungth* Inches 

3.00 

2.48 

2.8 

^3.40 

6 (Max) 

Bumtlne-Orlp^tngs* Sec 

2 

7 

0 

0 

3 (Mix) 

Smoke Obscuration 
Q, (6 Min) Flaming 

110 

90 

3.2 

20 

* 1 

75 (Ktx) 

Limiting Osygen Ind. 

35 

33 

38 

36 

35 (Hin) 

Thermogravlmetrlc 
Analysis *C 

440 

329 

570 

299 , 

'205 (Win) 

Material Cos^SAB 

2.50 

8.00 

‘15.00 

8.00 

20X Increase 

Availability 

Prod. Quant. 

Dev. Quant. 

Limited Pilot 

Limited 

over present 
In prod. Ques 

Prod. Quant. 

1200 InpAct, Notched 
ft-lbs/imch 

10 

3 

blank guani^' 

Prodi 

1.6 

3.0 (Min) 

Tensile Strength 
PSI. Min. 

- B500 

( 

11.000 

_ JO.4Q0___ 

Jl.OOO . 

6000 (Min) 

Elongation, % 

90 

GO 

60 

10 

20 (Mfn) 
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INJECTION N.0LDING 


• POLYETHERSULFOriE (PES) AND POLYPHENYLSULFONE (PPS) HAVE BETTER 
FLAK, ''ABILITY PROPERTIES THA;' LEXAf! SAO 


0 PES AND PPS MATERIALS AND PROCESSING COSTS ,YUC!i HI3HER THAN 
LEXAN SAO 


0 f'lOi'iSANTO'S POLYESTER FAILS FLAf'HABILITY TESTS 


0 LEXAN 9A0 MELTS AND DRIPS BLP.NING PARTICLES 



THERMOFORH DATA 


Proptrty 

Polycarbortata 
Laxan F«6000 

Polycarbcnata 
Lexan EF-6000 

PolyatharsuTfona 
PIS KM-1 

Raqulramants 

DensIty^Gm/CC 

1.21 

1.21 

1.37 

1.40 

(Mix) 

Ht«t Otfltctlon 
*C • 264 psi 

132 

122 

190 

121 

(Min) 

Flammability Ttst 
FAR 25.853 
FUna t1mt» saconds 

4 

97 

0 

15 

(Max) 

Barn lanpth* Inchtt 

3.0 

7.4 

3.4 

6 

(Max) 

Burntlma-drlpplngi, lac. 

1.0 

1.0 

0 

3 

(Max) 

Smoka Obscuration 
D, (5 Hin) Flaming 

110 

120 

20 

75 

(Max) 

Limiting Oxygon Indax 

33.6 

33 

36 

35 

(Min) 

Thannogravimatric 
Analysis *C 

440 

140 

550 

205 

(Min) 

Natarlal Coat 5U 

3.00 

3.00 

8.00 

20X. 

Max* ovar 

Availability 

Production 

Llml :ad 

LIlRItad 

pratont mattrlala 
Production 

Ouantitlas 

Production 

Production 

Quantltlaf 

IZOO Impact* Notchad 
FT-LBS/INCH 

10 

12 

1.3 

3.0 

(Min) 

Tanslla Strangth 
psi minimum 

9*800 

9.600 

12*000 

6.0C0 

(Min) 

Elongation % 

76 

78 

3 

20 

(Min) 

180* Paal/LB/INCH 

10 

10 

7 

8 

(Nlo) 

Claanar and Solvant 
Raslst. 

Fair 

Fttir 

Oood 

fidod 

WirwW 



SUPfWRY OF RESULTS 


THERHOFORn 


• POLYCARBOliATE EF 6COO CLEAIUBILITY AND FLAFSlABILiTY PROPERTIES 
DO NOT HEFT REQUIREMENTS 

0 POLYCARBffii/TE FEOOO EETTER 3UT lELTS /iiC C:>:PS EURFI'iO PAATICLE 


0 POLYETKERS! LFGSE SATISFACTORY BUT SPECIAL EXPEMSIVE DIES ARE 
ffiQUIRED FLR TEERKOFCRF.INS 
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COfiCLUSIOfiS 


COMPRESSION MOLDING 


d 


6 


PHENOLlCS MEET ALL REQUIREiBlS 
PHENOLIC FORMULATIONS COFMERCiALLY AVAIU\BL£ FDR FV SO 
SELECTION OF ONE OF TO FLUCkEL/GLA.SS CC:iFIGLTATiC:iS TO BE ;;ADE 
ARER EV’ALUATIOK Cf PRCDUCTIGi. nE'S 
FLU0REL/6L*.SS MATERIALS OFFER ADVARAGES IN ‘..EIGHT SAVIiiGS, 
ACOUSTICS. AND FIRE BARRIER PROPERTIES 


INJECTION MOLDING 

0 PES KM-1. POLYRHERSULFCNE [IW SHOl/ PROMISE FOR REPUCING 
POLYCARlONATE if DEVELGPilENT CONTINUES 


THERMOFORfilNG 


c f:0 THERE’ jFORM/\BLE MATERIALS HAS BEET ICEi TIFIEI) THAT ;'£ETS JSC 
REQUIREMENTS 
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